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a b s t r a c t
Patients with Down syndrome often suffer from protruding tongue, various dental and
occlusal anomalies. Characteristic features of midface hypoplasia in Down syndrome
include smaller maxilla, narrower bridge of the nose and presence of ‘‘stair’’ palate.
Possibilities of an active orthodontic treatment and its impact on tongue position, oral
hygiene, quality of speech and bruxism in patients with Down syndrome, treated ortho-
dontically at the Orthodontic Department Medical University of Lodz. Various types of
malocclusions including maxillary hypoplasia, total mesiocclusion, pathological attrition
of primary molar due to bruxism, total distocclusion with primary crowdings, persistent
infantile type of swallowing were observed. During ﬁrst phase of treatment, upper plate by
Castillo Morales was used; in the second phase patients are currently undergoing active
orthodontic treatment with Schwarz plates. The state of oral hygiene was assessed using
OHI Index by Green and Vermillon. Glossogram was made in order to assess the tongue
position. The state of oral hygiene was sufﬁcient both in the maxilla and in the mandible
with OHI values 1.67 and 2.0, respectively. The position of tongue and the pronunciation of
polish sounds m,b,p,r. during spontaneous speech improved during orthodontic treatment.
In patients with Down syndrome correct speech can be restored and facial aesthetics
improved through orthodontic rehabilitation. Nevertheless, the state of oral hygiene proved
to be unsatisfactory.
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Down syndrome (DS) was ﬁrst described by John Langdon
Down in mid-nineteenth century. According to many authors,
the most important cause of this syndrome is the trisomy of
the 21st chromosome [1–3]. This notion was ﬁrst presented by
Lejeune et al. [4]. The trisomy of the 21st chromosome can be
either mosaic or may be observed together with translocation
[3, 5]. In 95% of cases, Down syndrome originates from
nondisjunction of chromosomes and in 5% of cases is
associated with translocation of 21st chromosome on one of
chromosomes fromgroupD or G. The risk of Down's syndrome
occurrence is increased when the mother's age is more than
35 years [6].
According to Bower et al. [7], Down syndrome is the most
frequently seen anomaly. Many authors give information
about the prevalence rate of this syndrome. Sherman et al.
[8, 9] stated that Down syndrome was diagnosed in 1 in 732
infants in United States, whereas Irving et al. had written
about the prevalence rate being 1.08 per 1000 live births in
United Kingdom. According to Jamroszczyk et al., children
with Down syndrome can be found in 5–10% of patients,
suffering from syndromes, with boysmore frequently affected
than girls [10]. The mental development is considerably
retarded. Patients with Down syndrome often suffer from
protruding tongue, various dental and occlusal anomalies [11].
Themorphology of tonguemay vary between individuals with
Down syndrome. Fissured, geographic, scrotal tongue with
midline, double or multiple ﬁssures as well as with possible
presence of various oval depressions was observed [12, 13].
According to Pilcher and Guimaraes [14, 15] the tongue may
seem too large, but is not due tomacroglossia, but as a result of
midface hypoplasia and small oral cavity. Characteristic
features of midface hypoplasia in Down syndrome include
smaller maxilla, narrower bridge of the nose and presence of
‘‘stair’’ palate [16, 17].
Hypotension of muscles with decreased masticatory
capability due to lower neuromotoric control is observed in
stomatognathic system [18]. The decrease in force of mas-
ticatory muscles was not stated by some authors after the
electromiography in patients with Down syndrome was done.
Only the change in muscles' work during centric movements
was observed. Muscles were not characterized by hypotonia
but by lack of equilibrium during centric occlusion [19]. In
patients with Down syndrome hypotension of tongue musc-
les, muscle orbicularis oris, lips and habitual mouthbreathing
is observed. Physiological actions like sucking, swallowing are
distorted [20].
Dysfunction of sucking is caused not only by the
distorted action of masticatory muscles but also by
distortion of ﬂuent tongue movements [21]. Articulation is
also distorted, speech becomes incoherent. Maxilla is
underdeveloped, which manifest itself by presence of
malocclusions like mesiocclusions, crossbites and open
bites [22]. Hypodontia of permanent tooth buds (mainly
upper lateral incisors and II lower premolars), retardation in
tooth eruption, inﬂammations of oral mucosa, especially in
the region of lower anterior teeth and parodontopathies are
frequently observed [23].Treatment of patients with Down syndrome is multidis-
ciplinary. The cooperation between pediatrician, genetician,
neurologist and psychologist is essential. Conservative and
orthodontic stomatological treatment is also necessary,
however due to mental retardation those ways of treatment
are highly difﬁcult. Treatment of patients with Down
syndrome requires from the doctor patience and empathy.
When orthodontic treatment in patients with Down synd-
rome is planned, assessment of patient's growth potential
and cooperation between the doctor and patient's parents is
mandatory.Aim of the study
Possibilities of an active orthodontic treatment and its impact
on tongue position, oral hygiene, quality of speech and
bruxism in patients with Down syndrome, treated orthodon-
tically at the Orthodontic Department Medical University of
Lodz.Materials and methods
Patients were admissioned for orthodontic treatment during
school stage of development at the age of 7 years and 10 years,
respectively. Both patients had characteristic features of Down
syndrome, including ﬂattened nasal dorsum, hypertelorism,
lowered corners of the mouth, short neck with characteristic
ﬁssures present on lower lip and presence of Hirschsprung
disease (Figs. 1–4). Retardation in tooth eruption was visible
with primary teeth beginning to erupt after 1 year of age and
permanent teeth from 6 years of age. Various types of
malocclusions including maxillary hypoplasia, total mesiocc-
lusion, pathological attrition of primarymolar due to bruxism,
total distocclusion with primary crowdings were observed.
Patients were cooperative, with medium degree of mental
retardation, impaired physical development, poorly developed
manual skills due to short ﬁngers and wide hands. One of the
patients underwent treatment due to hyperfunction of thyroid
gland, was a habitual mouth breather and suffered from
bruxism.
The aetiology of bruxism is multifactorial with mouth
breathing, emotional stress, release of histamine during
stress, different levels of serotonine or even allergic rhinitis
being mentioned as possible factors [24].
Additionally, dysfunction in form of persistent infantile
type of swallowing was observed. Therefore, ﬁrst phase of
orthodontic treatment in both patients included a removable
plate by Castillo Morales.
According to Castillo Morales, such plate is used in cases
with hypotonic, inactive upper lip and broad, hypotonic
tongue, often positioned between dental arches. Plate by
Castillo Morales enhances the position of lips and tongue due
to lack of acrylic material in the anterior part of palate (Fig. 5).
It also has an inﬂuence on speech development [25].
One modiﬁcation in upper palatal plate by Castillo Morales
included posterior acrylic capping due to presence of bruxism
in one of the patients. During 2.5 years of treatment, the plate
was changed three times because the posterior acrylic capping
[(Figs._1–4)TD$FIG]
Figs. 1–4 – Patient's face – en face and the right profile
Ryc. 1–4 – Twarz pacjenta – widok z przodu i prawy profil
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[(Fig._5)TD$FIG]
Fig. 5 – Upper palatal plate by Castillo-Morales
Ryc. 5 – Górna płytka podniebienna według Castillo-Moralesa
[(Figs._6–9)TD$FIG]
Figs. 6–9 – Dental disturbances (crowdings), gothic
Ryc. 6–9 – Nieprawidłowości w ustawieniu zębów (stłoczenia), goty
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included lack of cooperation, therefore the ﬁrst phase of
orthodontic treatmentwas prolongated. Two plates by Castillo
Morales were used, each of them changed accordingly to
occlusal conditions. At the end of treatment the dysfunction
was successfully eliminated.
The aim of orthodontic treatment in the second phase was
to align the teeth in the upper arch. During intraoral
examination, primary crowdings with lack of space for upper
permanent canines were observed, II Angle class bilaterally
and II canine class bilaterally. The upper canines were
erupting buccally, with the left canine positioned less
favorably than the right one (Figs. 6–9). The palate was ‘‘stair
like’’ (‘‘gothic’’). Symmetric extractions of both I upper
premolars (teeth 14 and 24) were made to allow the alignment
of canines (teeth 13 and 23). Patient is now undergoing active
orthodontic treatment with upper removable Schwarz plate.
The design of Schwarz plate includes springs, which move
both canines distally (Fig. 10).
The oral hygiene was assessed using OHI Index by Green
and Vermillon. Three teeth from the buccal side in maxilla
(central incisor, canine, I permanent molar) and three teethpalate and unsatisfactory state of oral hygiene
ckie podniebienie i niezadowalający stan higieny jamy ustnej
[(Fig._10)TD$FIG]
Fig. 10 – Upper Schwarz plate with springs
Ryc. 10 – Górna płyta Schwarza ze sprężynkami
[(Fig._11)TD$FIG]
Fig. 11 – Reverse overlapping of teeth in a patient
Ryc. 11 – Odwrotne zachodzenie zębów u pacjenta
[(Fig._12)TD$FIG]
Fig. 12 – Glossogram
Ryc. 12 – Glossogram
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I permanent molar) were evaluated. The results after being
summed up, were divided by the number of surfaces.
The state of oral hygiene can be described as either good
(OHI index 0–1), sufﬁcient (OHI index 1–2) or bad (OHI index
value 2–3). In order to fully visualize and show to the patient
the state of oral hygiene, the coloring tablet, containing fuxine
was used.
Another form of active orthodontic treatment included
upper Schwarz plate with screw by Przylipiak and posterior
acrylic capping in order to expand anterior part of the arch in
patient with total mesiocclusion with III Angle class and III
canine class bilaterally (Fig. 11).
Finally, glossogramwasmade in order to assess the tongue
position [22]. The tongue was coated with the mixture of
stomatological gel with a drop of 1% solution of gentian violet
for proper contrast. On the upper arch of patient, coffee ﬁlter
was placed. Patient was told to make slow up and down
movements with tongue (Fig. 12).Results
The state of oral hygiene was sufﬁcient both in the maxilla
and in the mandible with OHI values 1.67 and 2.0, respec-
tively. The overall OHI value for both dental arches was 1.83.
Out of 6 teeth assessed in the mandible, 2 teeth on the right
side (33.33%) had more than 2/3 of surface covered in dental
plaque. Out of 6 teeth assessed in the maxilla, 1 tooth
(16.67%) had more than 2/3 of surface covered in dental
plaque.
The position of tongue and the pronunciation of polish
sounds m,b,p,r. during spontaneous speech improved in the
second patient during orthodontic treatment. In contrast to
other patients with Down syndrome, by whomhypotension of
muscles is observed, in this case bruxismwas detected. Upper
plate by Morales in both patients helped to enhance the
position of tongue. It was reported by parents that bruxism
diminished and we observed that attrition surfaces were not
larger.Discussion
High prevalence of periodontal disease in patients with Down
syndromewasdescribed bymanyauthors [16, 17]. Ourﬁndings
are in accordance with the results of research done by
Al.-Khadra et al. [1], where the majority of patients with
Down syndrome had either poor (25%) or fair (66%) oral
hygiene status. Lower, yet fairly similar results were obtained
by Shyama et al. [26], where the initial value of plaque index in
patients with Down syndrome in the age group 11–13 years
was 1.69.
In the study done by Jokić et al. [27] on Croatian population
of disabled children (including those with Down syndrome)
the value of OHI index was higher than in our study (ranging
from 3.8 to 4.53), indicating signiﬁcantly poor oral hygiene
status. Additionally, in research done on Nigerian children
with Down syndrome, 40% of participants had poor oral
hygiene [28].
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in patients with Down syndrome might be present due to lack
ofmanual dexterity [26, 27]. It is suspected that the presence of
bruxism in patients with Down syndrome comes from the
awareness of being different due to congenital anomaly. This
state, however, cannot be associated with depression, which
was diagnosed in singular patients with Down syndrome, by
whom speech memory deﬁcits and memory of performed
actions deﬁcits were diagnosed [29].Conclusions
The state of oral hygiene in patients with Down syndrome,
currently undergoing active orthodontic treatment, was
unsatisfactory. Overall, the lingual surfaces of teeth in the
mandible (especially on the right side) showed insufﬁcient
signs of tooth brushing, which may be attributed to the
patient being right-handed. The poor state of oral hygiene,
found in our patients conﬁrms the notion present by
researchers that the special programme, involving the
treatment needs of patientswith Down syndrome is essential
in order to establish better treatment standards. In patients
with Down syndrome correct speech can be restored and
facial aesthetics improved through orthodontic rehabilita-
tion. These actions can enable patients with Down syndrome
to function better in society. Orthodontic treatment in
patients with Down syndrome should be multidisciplinary
and often presents a challenge for the clinician. Cooperation
might be difﬁcult to achieve due to presence of mental
retardation. Nevertheless, mutual understanding of one's
goal, shared by both the clinician and patient's parents is
crucial to obtain a better clinical result.Authors' contributions/Wkład autorów
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